Background: The aim of the present study was to gain national data on the clinical and microbiological characteristics of community-acquired infections in the Faroe Islands and to compare these data with data from other geographical areas. Methods: A prospective, observational study involving all patients > = 16 years admitted at the Department of Medicine at the National Hospital, Torshavn, Faroe Islands from October 2013 until April 2015. Results: Of 5279 admissions, 1054 cases were with community-acquired infection and were included in the study. Out of these 1054 cases, 471 did not meet the criteria for SIRS (Systemic Inflammatory Response Syndrome), while the remaining 583 cases had sepsis. Mean age was 68 years. At least one comorbidity was found in 80% of all cases. Documented infections were present in 75%, and a plausible pathogen was identified in 29% of all cases. The most common gram-positive pathogen was Staphylococcus aureus, and the most frequent gram-negative pathogen was Escherichia coli. The most common focus of infection was lower respiratory tract, followed by urinary tract, and skinsoft tissue/bone-joint. Bacteremia was found in 10% of the cases. Conclusion: In community-acquired infections in hospitalized patients in the Faroe Islands the lower respiratory tract and the urinary tract were the most frequent foci of infection. Gram-negative pathogens and Escherichia coli were the most frequent pathogens in infection without Systemic Inflammatory Response Syndrome, in sepsis and in bacteremia. Our data on clinical characteristics and microbiological etiology provide new information which may be used to develop local guidelines for the managing of patients admitted with community-acquired infections.
Background
Infections carry significant morbidity and mortality worldwide [1, 2] . Extensive research has been done in relation to infections among patients admitted to hospital, but often the focus has been on more severe forms of infection, or on specific sites such as pneumonia or urinary tract infections. According to de Prost et al. only 40-60% of severe sepsis or septic shock cases have a microbiologically confirmed infection [3] . These authors argue that this is due to antibiotic therapy received prior to the onset of organ dysfunction, insufficient or incomplete diagnostic workup, or the presence of unusual organisms that are difficult to identify in routine practice. Some infections have even lower percentage of microbiological confirmation [4] [5] [6] [7] .
The progression from onset of infection to sepsis can be insidious and unpredictable [8] . Therefore, proper diagnosis and treatment in the early stages of infections are essential to the outcome [9] .
The pattern of infectious diseases may vary from country to country. Therefore, regional research regarding different aspects of community-acquired infection such as incidence, microbial etiology and focus of infection is essential for understanding the burden of infection locally in community, and for developing regional and national strategies for diagnosing and treating infectious diseases. Although research has been done on specific infections in the Faroe Islands, no studies have been done describing the general characteristics of community-acquired infections in the country. The aim of the present study was to gain data on the clinical characteristics of community-acquired infections in the Faroe Islands at the present time, and to compare these data with data from other geographical areas.
Methods

Study design and setting
This study is based on a prospective observational epidemiological study on sepsis in medical patients in the Faroe Islands. A previous publication on the epidemiological aspects of this cohort has been published [10] . More detailed information on the methodology is presented in the previous published paper [10] . In short, all medical patients admitted at the Department of Medicine at the National Hospital of the Faroe Islands were included in the study in the period from October 1st, 2013 to April 1st, 2015 [10] . The National Hospital of the Faroe Islands is the central hospital in the country, serving 37870 inhabitants in its catchment area in the study period [11] . This corresponds to 80% of the population of the Faroe Islands [11] . All medical adult patients admitted at the Department of Medicine at the National Hospital of the Faroe Islands in the study period were included in the study [10] .
Patient selection
All medical patients > = 16 years of age admitted at the Department of Medicine or at the Intensive Care Unit at the National Hospital of the Faroe Islands in the study period were included.
All included patients were investigated in detail regarding signs and symptoms of infection occurring within the first 48 h of admission [10] . Patients with hospital-acquired infections were excluded from the study [10] . Patients transferred to the Department of Medicine either from surgical departments or from two other Faroese hospitals were also excluded from the study [10] .
All data were collected in a prospective manner. Vital signs and laboratory data were collected in the first 48 h of admission. Patients were classified in a group of infected patients and in a group of patients without infection by using pre-study defined consensus criteria (Additional file 1). The focus of infection was characterized and the Systemic Inflammatory Response Syndrome (SIRS) criteria were used for the sepsis classification [12] . Sepsis severity was characterized with the Sepsis-related Organ Failure Assessment (SOFA) Score with oxygen saturation as a variable for respiratory failure [13] (Appendix 1).
Results from blood cultures and other microbiological specimens (cerebrospinal fluid, sputum/secretions from the respiratory tract, urine, abscess drainage, feces) were registered from all included patients. Only samples obtained in the first 48 h of admission were used. Blood cultures were done using two aerobic and two anaerobic bottles (BD BACTEC, Benex Limited, Dun Laoghaire, Ireland). Blood cultures with possible contamination were excluded from the analysis. Coagulase-negative staphylococci, Corynebacterium spp., Proprionibacterium acnes, and Bacillus spp. were considered as contaminants unless they were isolated from two or more separate blood-culture sets [14] .
The microbiological analyses were done locally at our Laboratory of Clinical Microbiology at the National Hospital of the Faroe Islands. Our laboratory uses standard methods for pathogen identification and resistance testing (EUCAST) used in Scandinavia and in the Nordic countries. More specialized analyses and confirmatory tests were done at the National Reference Laboratory of Clinical Microbiology in Denmark (SSI, Statens Serum Institut, Copenhagen, Denmark, https://www.ssi.dk/). Our Laboratory of Clinical Microbiology at the National Hospital of the Faroe Islands is supervised, and quality controlled by SSI in Copenhagen.
Information regarding the presence of co-morbidity in each single included infected patient was obtained from the electronic patient records. The Charlson comorbidity index was calculated in each patient [15] .
Definitions
Community-acquired infection was defined as an infection contracted outside of a health care facility or an infection present at the time of admission.
Infection was defined as the presence of a clinically relevant pathogen by microscopy/culture/polymerase chain reaction, positive serology result, pneumonia verified by chest-X ray, infection documented with other imaging techniques, positive urine dip test combined with symptoms of urinary tract infection, or as typical clinical symptoms such as for example erysipelas [16] (Additional file 1).
Systemic Inflammatory Response Syndrome (SIRS) was defined according to the consensus conference from 1992 [12] .
Sepsis was defined as the presence of SIRS and a documented or suspected infection.
Severe sepsis was defined with the presence of at least one of the findings presented in Appendix 2.
Septic shock was defined as sepsis with persistent sepsis induced hypotension for more than one hour despite adequate fluid resuscitation.
Bacteremia was categorized as community-acquired if there were clinical evidence that the infection was present or incubating when the patient was admitted [17] .
The study was planned in 2012 when the SIRS criteria were the official criteria used in sepsis studies [12] . The new Sepsis-3 criteria were published in 2016 [9] . Because the study was planned before 2016 we decided to follow our research protocol using the SIRS criteria to define sepsis.
Data analyses
Descriptive statistics were used to summarize the demographics and characteristics of 1054 cases eligible for the analysis. Results are expressed as mean ± standard deviation and as frequencies and percentages. Significance testing between groups was performed using Chi square tests. Database management and calculation of descriptive statistics were performed using Access and Excel (Microsoft Corporation, Redmond, Washington).
Ethical considerations
The Faroese Ethical Committee assessed that our study did not need approval according to Faroese law as it was register based. The study was approved by The Faroese Data Protection Agency (J. no: 13/00082-4). Gathered data were anonymized and kept on the hospital's safe server.
Results
During the 18 months of prospective data collection, we recorded a total of 5279 admissions. Adult patients (age > = 16 years) accounted for 3615 admissions. Among these, 1054 patient admissions were associated with community-acquired infections, and these admissions were included as cases in the study. In 471 (45%) cases patients did not meet the SIRS criteria, while the remaining 583 (55%) met the definition of sepsis (Fig. 1) .
Of the total study population (patients with infection), men were admitted 515 times and women 539 times. Mean age was 68 years (ranged in age from 16 to 102 years). At least one comorbidity was reported in 839 cases (80% of all cases with infection). The most common comorbidities were diabetes, chronic pulmonary disease, myocardial infarction, connective tissue diseases, cerebrovascular disease, and metastatic solid tumors. Demographic data on our study population, distribution of SIRS, qSOFA, primary sites of infection, and organ dysfunction are presented in Tables 1 and 2 .
Infections were radiologically and/or microbiologically confirmed in 780 (74%) of all cases; a plausible pathogen was identified in 304 cases (29%). Table 3 shows the breakdown of specific pathogens. A causative pathogen was identified in 169 cases (36%) of infection without SIRS, 120 cases (41%) of sepsis, 140 cases (53%) of severe sepsis and 13 cases (62%) of septic shock.
Among gram-positive microorganisms Staphylococcus aureus was found in 71 cases (16% of all positive tests) and Streptococcus pneumoniae in 30 cases (7% of all positive tests). As for gram-negative microorganisms Escherichia coli accounted for almost one-third of the isolates (130 cases -30% of all positive tests). Anaerobes were isolated in 10 cases (2% of all positive tests). Fungal infection due to Candida spp. were found in 7 (1.6% of all positive tests) cases. There were 3 cases (0.7% of all positive tests) with ESBL (all Escherichia coli), found in urine in patients with urinary tract infections.
Haemophilus influenzae was the most common pathogen found in cases with lower respiratory tract infections, followed by Streptococcus pneumoniae. The most frequent pathogen in urinary tract infections was Escherichia coli. The most common pathogen in skin-soft tissue infections was Staphylococcus aureus.
By site of infection, the most common focus of infection was lower respiratory tract (407 cases, 39% of all infections), urinary tract (204 cases, 19% of all infections), followed by the skin, soft tissue, and bones (99 cases, 9% of all infections). These three major sites accounted for more than 67% of all sources of infection. Two or more sites were involved in 87 cases (8% of all infections) of community-acquired infections. Women were admitted with bronchitis and urinary tract infections more often, while men had more catheter related infections. The primary focus of infection was unknown in 274 cases (26% of all infections).
In 427 cases (40% of all cases with infection) the focus of infection was found by imaging techniques, in 275 cases (26% of all cases with infection) by finding the responsible pathogen, and in 29 cases (2.8% of all cases with infection) by both. Of all radiological analyses with positive radiological findings suggesting infection 87% were chest x-rays. In 58 cases (6% of all cases with infection) no microbiological analyses were performed. In 27 cases (3% of all cases with infection) neither microbiological analyses nor imaging or other diagnostic methods were performed. In this group 4 cases were treated for recurrent, previously diagnosed infections, 6 were diagnosed by examining the patients clinically, and in 16 cases infection diagnosis remained uncertain.
Positive blood cultures were found in 99 cases (Table 4) . Twelve cases had bacteremia without SIRS. In 76 patients a single bacteremia episode was found whereas 10 patients experienced multiple episodes of bacteremia. Of those patients, 8 had repeatedly positive blood cultures with the same pathogen, most commonly Staphylococcus aureus (10 episodes in 4 patients) and Escherichia coli (7 episodes in 3 patients). Two other patients had consecutive episodes of bacteremia with different species. The most frequent pathogens involved in the bacteremia were: Escherichia coli (47%), Staphylococcus aureus (19%) and Klebsiella spp. (12%). Bacteremia was more frequent in patients with diabetes (20/86 patients (23%)) and connective tissue disease (18/86 patients (21%)) in men (47 patients (55%)), and older population (mean age 70). There were 18 cases (18%) of patients with cancer who had positive blood cultures. The use of immunosuppressive medications was found in 25 patients or in 29 cases (29%) with bloodstream infections.
By site of infection, most patients with bacteremia had either pneumonia or urinary tract infections.
Discussion
Principal findings
Infection was documented in 74% of the patients. The most common focus of infection was lower respiratory tract infection, followed by urinary tract infection and skin-soft tissue/bone-joint infections. Gram-negative pathogens, especially Escherichia coli, predominated. The most frequent pathogen was Haemophilus influenzae in lower respiratory tract infections, Escherichia coli in urinary tract infections and Staphylococcus aureus in skin-soft tissue infections. In the group with bacteremia urinary tract and lower respiratory tract foci predominated. Among those with bacteremia, Escherichia coli and Staphylococcus aureus were the most frequent pathogens.
Comparison to other studies Community-acquired infections
To the best of our knowledge there are very few studies on hospitalized patients with community-acquired infection of any severity and with different foci of infection. Most of existent studies focus either on more severe forms of infection, mostly severe sepsis and septic shock [18] [19] [20] ; on particular infections such as pneumonia [21, 22] , urinary tract infections [23, 24] ; on a specific pathogen [25] ; on specific aspect like antibiotic consumption [26] , or on specific gender/gender dependent differences [27, 28] . According to Alberti et al. differences in studies´definitions and population make it difficult, and to compare their findings [29] . This is why we used "infection-approach" focusing on infection rather than only on sepsis, and analyzing data associated with community-acquired infections of any severity in adults. To our knowledge the only study addressing similar aspects of community-acquired infection/sepsis was the Danish study by Ostrowski et al. [30] .
Microbiology
We found that gram-negative infections were documented in more than a half of the cases with identified pathogen. This is similar to the study by Henriksen at al. [31] . Flaatten [37] , and similar results were found in two Spanish studies from Blanco et al. [38] and Esteban et al. [39] . Sands found that 40% of all episodes with sepsis syndrome had gram-negative pathogens (Enterobacteriaceae) [40] . In this study gram-negative pathogens were mostly found in all sepsis syndrome cases with exclusion of cases with bacteremia, where gram-positive pathogens were mostly found, with Staphylococcus aureus as the most frequent. Escherichia coli, Klebsiella spp. and Staphylococcus aureus were the most frequent pathogens in a Korean study of medical and surgical patients admitted to the Emergency Department and Intensive Care Units by Park et al. [41] . In a Columbian study Rodrí-guez at al. showed that Escherichia coli, Staphylococcus aureus and Klebsiella spp. were the most frequent pathogens found in the blood as shown in our study [42] .
Focus of infection
The most frequent focus of infection in our study, in all groups, were lower respiratory tract, urinary tract and skin-soft tissue/bone-joint infections, which is consistent with other studies focusing on community-acquired infections [30, 31, 42, 43] . Lower respiratory tract infections were the focus in almost 50% of all infections The added number of individual sites of infection exceed the number of patients because one patient could have more than one site of infection or organ failure associated with the admission among patients with severe sepsis or septic shock. This too is consistent with the study by Ostrowski et al. and Henriksen et al. [30, 31] . We found that only 3% of cases had an abdominal focus of infection, probably reflecting that our study did not include patients admitted to the Surgical Department. Other studies showed higher percentage of abdominal infections [20, 26, 29, 31, 37, 38] . All these studies, with exception of the first, involved surgical patients and/or patients with hospital-acquired infection.
We could not determine the focus of infection in 26% of the cases with clinical infection according to our study entry criteria. In the group of sepsis of any severity 25% of cases had undetermined focus of infection. Wang et al. showed that 17% of their cases with community-acquired sepsis were undetermined, with extra 2% of cases with Haemophilus spp. fever of unknown origin [44] . The occurrence of undetermined infection foci will be discussed in the study limitation section of this article.
Strengths
This is the first study on etiology and focus of infection in the context of community-acquired infections requiring hospitalization in the Faroe Islands. This is a prospective, observational study conducted during a period of 18 months. In many circumstances observational data provide the only evidence to guide future management [45] . Our study probably describes a more accurate real-life picture of the infectious diseases panorama among hospitalized patients with community-acquired infections.
Limitations
This study included only patients admitted and treated at the Department of Medicine and medical patients admitted at the Intensive Care Unit at the National Hospital of the Faroe Islands, thus not making this a nation-wide study. However, according to our experience, most patients with community-acquired infections are admitted at the Department of Medicine and according to Statistics Faroe Islands (Hagstova Føroya) [11] , the National hospital of the Faroe Islands has a catchment area of 80% which could argue that we showed nationally representative data. Another limitation of the study is that it is likely that some patients with abdominal and gynecological focus of infection would be diagnosed and treated at the Surgical Department of the hospital. This selection bias would underestimate the frequency of abdominal, gynecological and other surgical infections. Another limitation is that we may have underestimated the number of patients with community-acquired infection as some patients admitted with noninfectious diseases had an infection at the time of admission. These patients were not always fully investigated for infection in the first 48 h. The focus of infection or a plausible pathogen was not identified in all patients. An explanation could be that some patients were already in antibiotic treatment prior to hospitalization and diagnostic sampling. This, according to other studies, can influence the diagnostic processes [46] . Even though we found that in most cases proper diagnostic tests were done, diagnostic workup may have been insufficient or incomplete in some cases since all decisions concerning diagnostics and treatment were up to the treating physician. This may also have contributed to the number of cases with unidentified focus and lack of proven microbiological etiology.
Conclusion
This is the first study done in the Faroe Islands focusing on etiology and focus of infection in patients with community-acquired infections requiring hospitalization. The lower respiratory tract and urinary tract were the most site of infection. The most common etiologic agents were gram-negative pathogens. 
